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INTRODUCTION 
The development of form by an organism may be viewed as a result of the 
differential operation of the physicochemical apparatus of its component cells. 
The interplay of environmental factors and hereditary constitution regulating 
growth indicates that an analysis of the differential operation of the cellular 
physicochemical apparatus might be made more readily on a unicellular organ- 
ism, where one may exercise a considerable degree of control over the environ- 
ment and nutrition of clonal material. For such an analysis the pathogenic 
fungus, Blastomyces, seems especially suitable for it exhibits striking dimorphic 
modes  of morphogenesis,  and the selection  of either mode of  development 
appears to depend only upon the temperature of incubation. 
Blastomyces dermatitidis  (causative  agent of North American blastomycosis, 
or Gilchrist's disease)  and Blastomyces brasillensis (causative agent of South 
American blastomycosis)  exist in man and in experimentally infected animals, 
in single celled, budding, yeast-like states. In culture they may be maintained 
in the yeast (Y) form if incubated at about 37  °, or in a filamentous, mycelial 
(M) form if incubated at room temperatures. Either form may be injected into 
animals to cause usually fatal systemic diseases  (Baker,  1938; Conant et al. 
1945). The conversion, M --~ ¥, may be accomplished in vitro by incubation of 
M at 37 °, while Y ---> M may be obtained by incubation of Y at room temper- 
ature  (Conant,  1939). Levine and Ordal  (1945) have demonstrated with B. 
dermatitidis that the M ~  Y conversion may occur on a minimal medium for 
growth; the morphogenetic phenomenon,  M  ---> Y,  is thus apparently inde- 
pendent of nutrition, and a function only of the temperature of incubation. We 
have been able to confirm the work of Levine and Ordal, and to extend their 
finding to B. brasiliensis. 
We propose  to characterize  the exhibition  and interconversion  of the two 
morphogenetic patterns (M~,-~-Y) in Blastomyces as cases of thermal dimorphism. 
General  aspects  of  M~,-~-Y phenomena  in  other  microorganisms  have  been 
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considered by Jillson and Nickerson (1948) and Nickerson (1948) who interpret 
the formation of a filamentous element from a normally yeast-like, or bacterial, 
cell as the selective inhibition of cell division without the simultaneous inhibition 
of growth (irreversible increase in volume). A study of the effect of temperature 
on other metabolic systems of Blastomyces, other than the cell division mecha- 
nism, may provide some basis for understanding the dependence of cell division 
on the maintenance of a temperature of approximately body heat. With respect 
to temperature the aspect of metabolism on which possibly most information 
is available is that of oxygen consumption. Investigation of the respiration of 
Blastomyces, as an approach to the analysis of the differential operation of the 
physicochemical apparatus  of  the  cell  in  different morphogenetic stages,  is 
encouraged by the correlation noted by Lea (1947)  between the rate of oxygen 
consumption and the rate of recovery of cell division processes in sea urchin 
cells following irradiation. The only information available on the respiration of 
Blastomyces  is that of Bernheim (1942)  and of Levine and Novak (1949)  who 
examined the effect of various substances on the oxygen consumption of the 
Y  form of B.  dermatitidis.  Bernheim found  the exogenous respiration  to  be 
cyanide-sensitive, while the endogenous respiration was relatively insensitive to 
•/100  NaCN.  No comparative data have been published on the metabolism 
of the lYl vs. Y forms, nor of either form over a range of temperatures. We have 
studied the oxygen consumption of both forms of the two species of Blastomyces 
over a  wide  temperature range,  and  in  the presence and  absence  of added 
substrates. Measurements have also been made on oxygen consumption by the 
M  forms  subjected  to  large,  rapid  changes  in  temperature.  The  overshoot 
phenomena  exhibited in  the oxygen consumption  of cells subjected  to  such 
treatment is considered in relation to the thermal control of cell division and 
the pheonomena of thermal dimorphism in Blastomyces. 
EXPERIMENTAL 
Materials  and Methods 
Cultures of Blastomyces dermatitidis and  B.  brasiliensis were  obtained from the 
Duke University Hospital collection through the courtesy of Dr. Norman F. Conant. 
Stock cultures were maintained on Sabouraud's dextrose agar (Difco) at room temper- 
ature, and were transferred at frequent intervals. For experimental purposes the fungi 
were grown in their mycelial form at room temperature in 50 ml. Erlenmeyer flasks 
containing 25 ml. of the following liquid  medium: 2.0 gin. glucose,  1.0 gin. glycine, 
0.1 gin. Difco yeast extract, and 100 ml. distilled  water (GGY medium). 
Cultures of these fungi in their yeast form were obtained by inoculating 500 ml. 
flasks, containing 200 ml. of the GGY medium or Difco malt extract broth, with a 
dilute suspension  of Y cells prepared from GGY-agar tube cultures containing only 
the yeast form. The flasks were maintained at 37°C. in a constant temperature water 
bath. A stream of faltered, humidified air was pumped through the flasks, serving  to 
keep the yeast cells suspended  and the cultures well aerated. The tube cultures from W.  7.  NICKERSON  AND  G.  A.  EDWARDS  43 
which the liquid medium was inoculated were likewise grown at 37°C. With the strains 
employed,  two or three transfers  on agar slant  cultures  maintained  at 37°C. were 
found sutScient  to convert the mycelial growth obtained  at room temperature to a 
growth consisting entirely  of single cells in a yeast-like,  budding  condition. 
The conversion of mycelial growth to growth as a yeast through incubation 
at 37°C., without intervention of passage through animals, was first shown for 
Blastomyces dermatitidis by Ciferri and RedaeUi (1935). This was confirmed and 
the  observations  extended  by  Conant  (1939).  Recently,  Levine  and  Ordal 
(1946)  showed that a  medium consisting of inorganic salts,  glucose, and am- 
monium sulfate permitted growth of B. dermatitidis.  We confirmed this with 
our strains,  employing the Levine and Ordal medium (slightly modified) con- 
sisting of the following: 
Glucose  1.0 gin.  K~HPO4  0.5 
Ammonium sulfate  0.5 gm.  KH~PO4  0.5 
Purified agar  1.5 gin.  MgSO4.7H~O  0.2 
Distilled  water  100.  ml.  MnSO4.2H~O  0.0065 
FeSO4.7H~O  0.01 
Conversion of the mycelial form to the yeast form on the first or second transfer 
from the initial 37°C. culture was obtained with this medium. In addition, we 
observed that conversion M  ~  Y  of B. brasillensis  also occurs readily on the 
ammonium sulfate-agar medium.  It appears that the M --* Y  conversion with 
each of the species of Blastomyces  may be termed to be a  case of thermal di- 
morphism, apparently uncomplicated by nutrition. 
Inoculated flasks  of  GGY media  were  placed  on a  motor-driven,  reciprocating 
shaking device with an amplitude of 2 cm. and frequency of 60 oscillations per minute, 
which was sufficient to keep the surface of the fluid in a state of agitation.  Under these 
conditions  both species of Blaslomyces grew rapidly as compact dumps of mycelia. 
There was no surface growth on the liquid.  Clumps sufficiently large for use in the 
volumetric  respirometer,  or in the Warburg apparatus, were obtained within 3 days 
after inoculation. In practice, however, we preferred to employ 5 to 7 day old dumps, 
which were larger and gave an oxygen consumption  of greater magnitude. 
Constant volume microrespirometers  (Scholander, 1942) were employed to measure 
oxygen consumption  in some of the experiments.  The use of this instrument in con- 
nection with studies on the respiration  of dermatophytes has been described in detail 
by Nickerson and Chadwick (1946). The instruments  used were sensitive to 0.3 ram. a 
oxygen consumption per hour. The 35 ×  15 mm. shell vial containing the fungus was 
attached directly to the oxygen port by means of a neoprene rubber stopper through 
which a  hypodermic needle passed.  The carbon dioxide produced  by the organism 
was absorbed  by means of ascarite  (a sodium-hydrate asbestos  absorbent,  20 to 30 
mesh) placed in a small vial attached to the needle of the oxygen port. The oxygen 
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oxygen used by the fungus every few  minutes with oxygen from the reservoir by 
means of the micrometer burette. Constant temperature was maintained for any given 
run by immersing the respirometer in a  small, constantly stirred, plastic water bath, 
and this in turn in a large thermoregulated water bath. 
Temperatures from 5 to 45  ° were utilized. Each run usually lasted a little over 1 
hour.  Fifteen minutes were allowed for the instruments to come into temperature 
equilibrium, after  which readings were  taken every  10 minutes. When a  run was 
TABLE I 
Effect of Temperature on Oxygen Consumption by the Mycelial  Form of Blastomyces dermatitldls 
Temperature  Experiment 1  Experiment 2  Experiment 3 
*C.  1/abs. X 10'  Q02  Q02  Q02 
3.0 
5.0 
9.0 
10.0 
15.0 
19.0 
20.0 
25.0 
29.0 
30.0 
35.0 
37.0 
40.0 
41.0 
45.0 
36.23 
35.97 
35.46 
35.34 
34.72 
34.27 
34.13 
33.56 
33.11 
33.00 
32.46 
32.25 
31.94 
31.88 
31.45 
1.26 
2.74 
4.03 
8.10 
10.38 
13.30 
10.32 
O. 596 
0.978 
1.492 
2.175 
3.288 
4.245 
4.810 
5.92 
0.609 
0.838 
1.32 
1.825 
3.12 
4.515 
6.472 
7.35 
Experiment  1 performed in three stages with mycelial preparations  of comparable ages; 
3 and 9  ° (14.5 rag. dry weight), 19 and 29  ° (18.6 rag. dry weight), and 37, 41, and 45  ° (19.1 
rag. dry weight), see Figs. 1 and 2. 
Experiment 2 performed as a continuous run of 16 hours duration (in sterile distilled water) 
with a 7 day old mycelial clump of 11.6 rag. dry weight, see Fig. 2. 
Experiment 3, conditions as for Experiment 2, with a clump of 12.4 rag. dry weight, see 
Fig. 2. 
completed the organism was removed for dry weight determination. To determine 
the weight, the fungus was washed (in the case of the mycelial form), dried in the oven 
at 100  ° for 24 hours, and then weighed.  In the case of the yeast form, the fungus in 
buffer was dried and weighed, and the known weight of buffer subtracted to obtain 
the dry weight of the fungus. 
Oxygen  Consumption  at Different  Temperature Levds 
In the first set  of experiments, the oxygen consumption of B. dermatitidis 
(M) was measured at  convenient temperature intervals from 3  to 45 °.  This 
was  later  repeated  twice  using  5 °  intervals,  from  5  to  40  °.  Results  from W.  J.  NICKERSON  AND  O.  A.  F-.DWARDS  45 
the  three  series  are  shown  in  Table I;  the  results  are  in  close  agreement. 
The rate of oxygen consumption increases with increasing temperature, reaching 
a maximum at about 40  °. The rates at even the lowest temperatures: 3 ° (M) of 
1.2,  and of 0.60 and 0.61  at 5  °  ,  represent an appreciable endogenous oxygen 
consumption for a  filamentous fungus.  In the experiments just described the 
temperature was increased constantly, starting from the lowest temperature; 
that is, the temperature to which a  given M  clump was subjected  I was altered 
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FIG. 1.  Time course of oxygen consumption by M form of Blastomyces dem~atitidis 
over a  range of temperatures; constancy of rate at a  given temperature is marked 
following equilibration period. Conditions of experiment given in Table I. 
only a few degrees at a time in moving from one level to the next higher.  As is 
evident in Fig. 1, a  constant rate of respiration was set up by the fungus almost 
immediately upon being placed in a new environment. 
For the linear portion  (3 to 30  °  )  of the curves in Fig.  2,  application of the 
Arrhenius equation: 
/'log k~ -- log kz~ 
permitted  calculation  of  the  activation  energy  as  13,250  calories  per  gram 46  PHYSIOLOGICAL BASES  OF  MORPHOGENESIS  IN  FUNGI.  I 
molecule for oxygen consumption by the mycelial form of B. dermatitidis  in 
the absence of added substrate.  Similar  or slightly lower #  values have been 
associated with sulfhydryl-catalyzed processes by Crozier. Above 30  ° a  depar- 
ture from the Arrhenins equation is indicated by the  divergence of the plotted 
values from linearity.  It is of interest to note that  Richards (1928) obtained a 
similar departure above 30  ° in plots of the rate of multiplication  of yeasts at 
different  temperatures.  He also observed  that  cultures  of S.  cerevisiae main- 
tained  within  the  narrow  temperature  limits  of  29.5  to  30.5 °  exhibited  the 
maximum deviation from normal cell shape (Y --* lV[ greatly promoted). 
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Fro. 2.  Arrhenius  plot  of  the  respiratory  rates  of  the  M  form  of Blastomyces 
dermatitidis. Closed circles,  Experiment 1; open circles, Experiment 2; squares, Experi- 
ment 3; data in Table I. Values for Experiment 1 curve arbitrarily lowered 0.44 unit 
from values recorded in Table I. 
The deviation from linearity for the values above 30  ° in Fig. 2 might be attributed 
to irreversible  enzyme denaturation,  but we consider this  unlikely as the principal 
cause for the following reasons. The constancy of the rate of oxygen consumption at a 
given higher  temperature  during  the  experimental  period  of some hours' duration 
(Fig. 1) argues against any progressive irreversible damage to the respiratory enzyme 
system. The rate of oxygen consumption at 20  °  , following an hour's exposure to 40  ° 
(Fig. 3), resulted  in only a  slight decrease from the rate expected for 20°; we later 
develop an alternative explanation for this undershooting of the expected rate. While 
the data for Fig. 2 above 30  ° are not so numerous as to permit a con  dusive statement, 
there  is  evident  a  curvilinear  trend  which may be characterized  as concave down- 
wards. Some years ago, Crozier and Wolf (1939)  dearly showed that an apparently W.  3.  NICKERSON  AND  G.  A.  EDWARDS  47 
curvilinear relationship (concave upwards) in an Arrhenius plot may be analyzed as 
the resultant of two concurrently operating, linearly expressible rate limiting reactions; 
Crozier and Stier (1925) earlier had made a similar, though less detailed, analysis for 
a concave downwards relationship as involving two processes diversely related to the 
temperature. An example of such competitive reactions, resulting in concave down- 
wards curves in Arrhenius plots, has recently been given by Morales (1947). In this 
example reversible enzyme denaturation was thought to become increasingly important 
(in  lowering  the  rate  of bioluminescence)  at  temperatures above 20  °,  resulting  in 
curvilinear departure  from the  linearity  determined  by the  rate-limiting  reaction 
(enzyme-substrate splitting). Departures from hnearity at temperatures as low as 20* 
(on Arrhenius plots) are not common; on the other hand,  practically any  plot will 
show such departures at relatively elevated temperatures; such departures have been 
commonly attributed to irreversible denaturation,  frequently without the application 
of any criteria on which  to base the judgment; on  the basis of  the two criteria we 
employ, it is possible that the departure above 30* in Fig. 2 results from increasingly 
important reversible denaturation processes.  A striking illustration  of the extent to 
which strict linearity may be maintained by # values over a  very extensive range of 
temperatures has recently been furnished by Gaughran (1949). In numerous experi- 
ments with a variety of obligately thermophilic bacteria he found linearity in the rates 
of dehydrogenase, cytochrome oxidase,  and total respiratory activity from 5 to 45  °. 
These few examples suggest,  though extensive tabnlation might prove the contrary, 
that there is a correlation between the maximum (or optimum) temperature for growth 
of a  microorganism, and the  temperature at which  deviation from linearity, in an 
Arrhenius  plot  of its  metabolic activity, becomes apparent--luminescent  bacteria 
(generally cryophilic), 20°; mycdial form of B. dermatitidis (which is not maintained 
in  culture  at  temperatures above ca. 33-34  ° because of M  ~  Y  transformation), 
30°; thermophilic bacteria, 45 to 49  °. 
Effect of Large Changes in  Temperature upon  Oxygen Consumption 
Cultures of B. dermatitidis (M)  were grown at room temperature (20-22 °) 
on a  shaker in the GGY medium for 5 days. Individual dumps of mycelia of 
suitable size was selected and placed in respirometers at 20  °, in buffer without 
addition  of  substrate,  and  the  oxygen  consumption  was  followed  for  1½ 
hours. At the end of this time the temperature of the bath was rapidly changed 
to 5  °. Allowing 15 minutes for equilibration of the vessels, measurements were 
again made on the same preparations for a similar period of time. This process 
was repeated with the same dumps by returning the temperature to 20  °  , then 
raising it to 40  °, and finally returning to 20  °. In brief, the oxygen consumption 
of the fungus was examined at each temperature level of the following sequence: 
20°--*5°--~20°~°--~20  °.  Results  of  this  experiment  are  shown  in  Fig.  3. 
Initially the respiration was almost constant at 20  °  . Following the drop to 5  ° 
the rate fell, as would be expected, to a  low level with some fluctuation. Upon 
the return to 20  ° there was a definite overshooting in rate for a short period of 
time, followed by a leveling off at a rate slightly higher than the initial 20  ° rate. 48  PHYSIOLOGICAL BASES OF  MORPKOGENESIS IN  FUNGI.  I 
With the transfer to 40  °  there resulted a marked overshooting and subsequent 
leveling off. The return to 20  ° established a rate somewhat lower than initially 
at that temperature. Sutficient time was allowed for equilibration of the instru- 
ments  following each  temperature  change  (Table  II).  Duplicate  runs  were 
made throughout the entire experiment. 
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FIG. 3.  Oxygen consumption by M form of Blastomyces dermititidis following rapid 
large changes in temperature. Compare with Fig. 1. Single clump of mycelia of 3.7 mg. 
dry weight used during 13 hour experiment in sterile water. 
With some organisms it is known that a small jump in the environmental temper- 
ature may result in no detectable change in the metabolic system other than a smooth 
response in rate as a function of temperature. A large change in temperature with the 
same organism may result in the appearance of an exaggerated response to temperature 
exhibited as oscillations in the rate of oxygen consumption before a  steady state is 
approached.  Overshoot  or  undershoot  phenomena  may be evident and  may  occur 
without the appearance of oscillation phenomena. A  metabolic adjustment to rapid 
changes of over 10°C. in environmental temperature has been shown in the sand crab w.  ].  NICKERSON AND  G.  A.  EDWARDS  49 
(Edwards and Irving,  1943).  Similar adjustments are known in single-celled organ- 
isms; e.g., the intestinal protozoa of termites (Cook and Smith, 1942) and in bacteria 
(Deotto, 1944 1947). 
We are therefore inclined to accept our results as indicative of some form of 
metabolic adjustment by B. dermatitidis to large changes  in  temperature,  not 
evident when  the  changes  are  10  °  or less.  Perhaps  this,  or another,  form  of 
metabolic adjustment is at the basis of the thermal dimorphism obtainable by 
TABLE II 
Thermal E,  guilibration of Resfirometers 
Vial contained water, but no organism; procedures as in text. Instrument (No. 4) held at 
5°C. for 40 minutes,  then moved to 20  ° and allowed to equilibrate for 8 minutes, after which 
readings  were  begun.* 
Time  Reading 
rain. 
0 
40 
48 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
6O 
61 
62 
Placed at 5°C. 
Placed at 20°C. 
Stopcocks dosed 
10.783 
10.783 
10.785 
10.785 
10.785 
10.785 
10.785 
10.790 
10.790 
10.790 
10. 790 
10.790 
10.790 
* 0.007 mm. =  0.2 mm.S; the micrometer was moved at each reading to check the freedom 
of the indicating level. 
sudden transfer from 20 to 35 °. A more or less direct effect on the cell division 
mechanism  (over-aU growth rates not affected) of Bact. lactis aerogenes caused 
by large  changes  in temperature  has been  reported  by Hinshelwood  (1946). 
Cells grown at 20  ° formed filaments much more readily at 40  °  (in the presence 
of suitable substances inducing filament formation)  than  they did at  20  ° ,  or 
than did cells grown at 400 and tested at 20  ° or 400. 
Comparative Rates of Respiration of Y  and M  Forms 
Bernheim  (1942)  stated  that  the  mycelial form  of  B.  dermatitidis  had  a 
lower oxygen uptake than the Y  form, but  he  presented  data only for the  Y 50  PHYSIOLOGICAL BASES O]~ MORPHOGENESIS IN FUNGI. I 
form. The material presented thus far in  this paper has been for the M  form 
of B. dermatitidis.  By comparison with  Fig.  4,  it will be seen that,  on a  dry 
weight basis, at 36  ° the oxygen consumption of the Y form is about 5 or 6 times 
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FIG. 4.  Oxygen  consumption  (Warburg  technique)  by  Y  form  of  Blastomyces 
dernmtilidis. Cells grown for 5 days in aerated malt extract broth at 36.5  °, harvested 
by centrifugation, washed with 3 changes of sterile ~r/15 KH~PO4 buffer (pH 4.5), and 
diluted  to 1.0 rag.  dry weight per ml. of sterile buffer.  Cells starved in buffer for 3 
days at 5  °, without shaking, before use. Each vessel received 1.2 ml. liquid  volume; 
1,0 rag. dry weight yeast per vessel; 0.2 ml. of 20 per cent NaOH in inset wells; temper- 
ature 36.0°; atmosphere, air. At arrow, 0.164 rag. Na acetate (0.2 ml.) added from side 
arm; theoretical oxygen consumption for complete oxidation is 88.8 ram.  a, indicated 
by dotted line in fig. Endogenous Qo~  -- 7.5; exogenous Qo~  =  39; exogenous R.Q. = 
0.97. Open and closed circles represent duplicate experiments. 
greater than for M. For these data the respiration of M  was determined in the 
volumetric respirometers and in the Warburg apparatus and that of Y  in the 
Warburg apparatus. 
The oxygen consumption of each of the dimorphic stages of B. brasili,nsis 
was measured in volumetric respirometers from 5 to 20  °. Table III presents  a W.  J.  NICKERSON  AND  G.  A.  EDWARDS  51 
comparison of the average respiratory rate found for each of the morphological 
forms at the different temperatures, and the time course with both forms at 20  °  . 
It will be seen that the average of the ratios of  the respiratory rates for Y/M 
is 5.6 over the temperature range studied.  This is similar to the ratio found 
above for B. dermatitidis at 36  °. No direction in the fluctuations of the Y/M 
ratios with increasing temperature is evident in Table III. 
TABLE  III 
Comparative Oxygen Consumption of Y and M  Forms of Blastomyces brasiliensis 
I 
Time  M  [  Y  Y/M  Temperature 
ram.* Os/mg. dry tot. 
15 
30 
45 
60 
75 
9O 
60 
60 
60 
60 
0.52 
1.10 
1.84 
2.40 
3.04 
3.70 
0.18 
0.43 
2.02 
2.39 
3.15  6:1 
5.91  5.4 
9.45  5.1 
14.15  5.9 
16.65  5.5 
20.95  5.7 
0.52  2.9 
2.62  6.1 
7.02  3.5 
13.63  5.7 
°C. 
20 
20 
20 
2O 
20 
20 
5 
10 
15 
20 
Oxidation  of Added Substrates 
The oxygen consumption of unstarved M  preparations of B.  dermatitidis, 
in  the presence of different substrates,  was measured by the  Warburg  tech- 
nique. No oxygen consumption in excess of the basal rate was observed following 
the addition of glucose or glycine. The rate of oxygen uptake in these determi- 
nations was of the same order of magnitide as the rates found at  comparable 
temperatures employing the volumetric respirometers; i.e., Qo, values of  7 to 
8 at 30  °. 
While the subject was not thoroughly investigated,  we did not succeed in 
producing starved M preparations that could oxidize added glucose or  glycine. 
Young, vigorous M  clamps were removed from the GGY medium,  placed in 
pH 4.5 or 7.2 sterile phosphate buffers, then returned to the shaker. Agitation 
in  a  shallow  layer  in  this  nutrient-free  environment was  continued for  (a) 
24 hours, and (b)  for 6  days. With (a)  the basal  rate of respiration was  still 
marked  and  addition  of  glucose prompted  no  increase  in  oxygen  uptake. 
With the 6 day clumps there was no detectable gas exchange in the presence or 
absence of substrate. 
The respiratory rate of Y was found to be greater than that of M, as already 
mentioned. As shown in Fig. 4, the endogenous respiratory rate was 7.5 while 52  PHYSIOLOGICAL BASES O1  ~  ~ORPHOGENESIS  IN FUNGI. I 
the exogenous Qo~ with acetate was about 39 for the 5  day old culture used. 
With other cultures Qo~ values of 40 to 50 were commonly found with acetate 
or glucose as substrate. In all experiments with the Y form, determinations of the 
respiratory quotient were  included. For endogenous respiration  the R.Q. was 
1.0, and for the oxidation of acetate the R.Q. values ranged from 0.97 to 1.01, 
with an identical range for the oxidation of glucose. With the 5 day cultures 
shown in  Fig.  4,  the addition  of acetate caused a  rapid  rise in  oxygen con- 
sumption without appreciable lag.  Considering the low endogenous rate to be 
suppressed during the oxidation of acetate, 84 to 86 per cent of the oxygen 
necessary for complete oxidation of the acetate was consumed. This is a some- 
what higher percentage oxidation of substrate than one  usually  finds  under 
similar conditions with other organisms. 
DISCUSSION 
The facts presented about the overshoot phenomena in respiration following 
the "cold-shock" treatment of B. dermatitidis seem to be real, and not artefacts 
of  technique.  Somewhat  similar  observations  have  been  made  by  Deotto 
(1947), who found that a centrlfugate of a cooled culture of E. coli induced an 
increased respiration when added to a  culture that had been maintained con- 
tinuously at 37°C. Since the cryolyzed substance did not induce an increased 
respiration in resting bacteria, Deotto concluded that the active substances in 
the cryolyzates acted as catalysts for the exogenous metabolism of the bacteria, 
rather  than  as  substrates.  In  our own  observations  it  is  not  excluded that 
substances released in the cold affect the respiration at higher temperatures. 
However, in all the experiments we conducted along this line, the respiration 
was measured in the absence of added substrate since the mycelial forms of 
these fungi apparently do not exhibit the enzymatic equipment for exogenous 
metabolism. 
A more "self-contained"  explanation of the data in Fig. 3 may result from a 
consideration of the  effects of reversible thermal enzymatic inactivation,  as 
suggested previously. For temperature jumps in the range 5-20  ° the overshoot- 
undershoot effect is not pronounced, while the jump from 2040  ° is accompanied 
by a very pronounced overshoot. If, as suggested earlier, the rate-determining 
reaction for the range 5-20  ° is the splitting of enzyme-substrate complexes, then 
the major effect of temperature variations within this range will be to increase 
or decrease the rates of such splittings. If on the other hand, in the range 20-40  °, 
the rate measured is the sum of two competing reaction rates we may consider 
that overshoot results from the initial acceleration of enzyme-substrate splitting 
without  the  normal  compensation  of  reversible thermal  inactivation  of  the 
enzymes involved. In other words, during a steady state in the higher tempera- 
ture range,  the two processes are in balance at a  given temperature. A  con- 
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an upset in this balance with the possible exhibition of overshoot phenomena. 
If it could be established  that reversible thermal inactivation processes take a 
measurably longer time to achieve a steady state than do substrate-enzyme- 
splitting processes, then this explanation might assume validity for overshoot 
phenomena generally. Our data at least permit such an interpretation in view 
of the time required for the rate to level off after jumps from 5-20 °  , and from 
20-40  ° (Fig. 3). 
As we in this paper, and Levine and Ordal (1946) have shown, the nutritional 
requirements for the Y and M forms are apparently similar; the transformation 
M -~ Y occurs readily on a minimal medium supporting growth of M and Y; 
and the form of growth obtained depends only on the temperature of incubation. 
The effect of small changes in temperature on oxygen consumption by the M 
form indicated the possible importance of reversible  enzymic inactivation in 
the higher temperature ranges.  The effect of large  changes  in  temperature 
indicated the possibility of an appreciable  time lag in the setting up of an 
increased rate of reversible denaturation in the higher temperature range. Such 
disorganization of steady state control  mechanisms may well affect processes 
other than oxygen consumption and may underlie the morphological transfor- 
mations induced by temperature changes of 10-15°C. Effects that temperature 
alone  might produce  on  the physicochemical  behavior of the  cell  division 
enzyme complex have recently been considered by Nickerson  (1948) and by 
Nickerson and Jillson (1948). They show that the existence in Blaslomyces of a 
competition for a common substrate between the enzymatic system responsible 
for straight growth (production  of M) and the enzymatic system responsible 
for cell division (production  of Y) would account for the known facts, on the 
assumption that a normally higher  affinity of the M-enzyme system for the 
common substrate is offset in the higher temperature range by an increasing 
rate in its reversible thermal inactivation. 
From a  study of the respiration  of these dimorphic pathogenic fungi two 
additional facts appear that may have a bearing on their mode of existence. 
(1)  The M  forms apparently are unable to oxidize added substrates in an 
exogenous fashion.  (2)  The endogenous respiratory rate of the Y forms was 
several  times that of the NI  (on a dry weight basis).  If we assume that the 
velocity of the respiratory processes determines  in some measure the energy 
supply available to an aerobic organism, then it follows that energy-consuming 
synthetic processes can be more evident in a rapidly respiring organism than 
in one utilizing oxygen slowly. While the 1VI stages of the organisms considered 
are known to be infectious, it is highly probable  that their virulence is, in some 
way, associated  with the fact that, at the temperature of an  animal host, 
M -~ Y will occur, resulting in a greatly increased energy potential available to 
the invading organism.  Whether  there  is  a  significant  correlation  between 
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does not appear  to  have been  established. But it is at least interesting,  as 
Duncan (1947) has pointed out, that the fungi causing localized,  deep mycoses 
do not exhibit M ~  Y, while the invasive,  metastasizing forms considered in this 
paper are characterized by their ease of M ~  Y conversion. 
SUMMARY 
The interconversions  of mycelial  and yeast-like  forms (M  ~  Y) in Blasto- 
myces dermatitidis and in Blastomyces brasilie•sis  are characterized as examples 
of thermal dimorphism since the phenomena are apparently dependent only on 
the temperature of incubation of these two species. The change in morphology 
consequent upon Y--~ M  conversion is considered to result from the  selective 
inhibition of cell division, without the simultaneous inhibition of growth. Such 
selective inhibition is viewed in a wider context as an example of the differential 
operation of the physicochemical apparatus of the cell in the control of form 
development by an organism. To analyze this differential operation, which is 
here dependent only on temperature, we have studied the effect of temperature 
on oxygen consumption by each of the dimorphic forms. In the absence of ex- 
ternal substrate the yeast forms consume 5 to 6  times more oxygen per  unit 
dry weight than do the M forms.The ¥  forms exhibit an exogenous oxidation of 
acetate and of glucose, as well as an oxidative assimilation of these substrates, 
whereas the M  forms exhibit no exogenous metabolism in either a  resting or 
starved condition. A  study of the effect of a  wide range of temperatures on 
oxygen consumption by the M forms indicates the operation of two rate-limiting 
processes: (a)  one with an activation energy of 13,250 calories/gin, molecule 
over the range 5-30  °, and (b) reversible enzyme inactivation; the latter process 
assuming importance in the higher temperature range. On abrupt, large changes 
in temperature the balance between these two rate-limiting reactions (which it 
is suggested characterizes the steady state) is apparently disrupted as a result 
of a lag in the assumption of a rate of reversible enzyme inactivation charac- 
teristic of the new temperature. This disruption of balance is evidenced in over- 
shoot phenomena. The  effect of an analogous disruption of balance,  and of 
increasing enzymic inactivation; on a  competition between enzyme systems, 
competing for substrate for cell elongation and for cell division, is considered 
in explanation of the observed dependence of the cell division mechanism on the 
maintenance of an elevated temperature. 
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